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ABSTRACT—The purpose of this study was to utilize Geographic Information Systems (GIS) technology and
spatial analysis coupled with the University of Nebraska at Kearney (UNK) alumni data from 1930 to 2004 in
order to compare and contrast the changing distribution patterns of five-year alumni cohorts. Mean centers, location quotients, and cluster analysis were used to assess the degree to which UNK alumni cohorts have migrated
over the 75-year period, the extent to which any regionalization or lack thereof occurs, and the proportion of
UNK alumni per county compared to college graduates as a whole. These spatial patterns were then compared
to migration trends throughout the United States for the same period.
Key Words: cluster analysis, GIS, migration, university alumni, Nebraska

INTRODUCTION
Location quotients and cluster analysis are two common methods used in geographic analysis. They are
broadly applied and widely accepted as spatial analysis
tools (Legendre 1993; Moineddin et al. 2003). Both are
appropriate and effective in identifying spatial patterns
within a given population, yet few examples exist of their
application to institutional research (Teodorescu 2003),
particularly in studying university alumni. Inherent in
both, however, is a propensity to miss certain trends in
a dataset based upon the neighborhood to which they are
applied (Wilhelm and Steck 1998). Location quotients are
calculated either with weighted data points or polygons and
are able to reveal trends of over- or under-representation
of a given study group within a larger population. When
applied at too small a scale, it may hide data trends by
returning misleading results (Wilhelm and Steck 1998).

Cluster analysis is a set of statistical tests that employ
interdependence techniques. In this way, they do not
identify dependent or independent variables. Instead,
cluster analysis tests identify instances of high and low
clustering of a given phenomenon within a larger population. Somewhat arbitrary, however, are the parameters
by which clustering techniques group observations. The
degree to which data points are classified is often as
much a function of the clustering algorithm as the data
points themselves (Fotheringham et al. 2000). Although
these statistical methods can help academic institutions
answer questions of what (descriptive statistics) and why
(inferential statistics), they are not very good at answering
questions of where (Teodorescu 2003).
Using GIScience and in particular the spatial statistics
capabilities of Environmental Systems Research Institute’s (ESRI) ArcGIS 9, we are able to address these questions by integrating a spatial component into otherwise
aspatial data. This study discusses applications of both
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location quotients and cluster analysis techniques to fiveyear cohorts of the University of Nebraska at Kearney
(UNK) Antelope (“Loper”) alumni from 1930 to 2004
in order to discern both cross-sectional and longitudinal
patterns. Both location quotients and cluster analyses are
calculated for each five-year cohort as well as the 75 years
of alumni as a whole to gain both a spatial and temporal
understanding of trends in their distribution.
While this study focuses primarily on the application
of spatial analysis techniques, the results obtained from
these analyses were provided to the UNK Alumni Association for use in decision making. Since the association
is charged with organizing alumni gatherings across the
country as well as fundraising activities, these types of
spatial data can prove invaluable. Results yield insights
into the changing dispersion of Lopers across the United
States over the 75-year period, as well as the ability of
each of the spatial analysis methods to discern the changing patterns of dispersion.
In addition, the results are compared to classic migration models—to identify both periods of correlation with
the models, as well as migratory patterns that appear
unique to UNK alumni. Plane (1984) identifies patterns
of population redistribution in the United States over a
45-year period, from 1935 to 1980, using a demographic
efficiency measurement. Since five-year cohorts are utilized and this study of Lopers spans that of Plane (1984),
comparisons between the two are made. This article seeks
answers to the following related questions:
1.

2.

3.

How effective, and thus how appropriate,
are cluster analysis and location quotient
techniques for the analysis of university
alumni data?
How has the dispersion of UNK alumni
changed over the 75-year period from 1930
to 2004?
Do the patterns of dispersion identified as
characteristic of UNK alumni follow overall U.S. trends for the same time period?

METHODS
Study Area
UNK is located in the central part of the state along
Interstate 80. Kearney’s population of 27,431 makes it the
largest community in the state west of Grand Island (U.S.
Census Bureau 2000). Founded in 1903, the school has
historically been a teachers’ college that has educated a
© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln

large number of high school teachers in Nebraska. The
school entered the University of Nebraska system in 1991,
changing from Kearney State College to the University of
Nebraska at Kearney (UNK) and becoming the system’s
fourth and smallest campus. With a combined enrollment
of approximately 6,700 students, UNK’s primary academic focus is on providing an education to roughly 4,000
undergraduates. The university largely serves western
and central Nebraska, as well as northern Kansas, South
Dakota, and the front range of Colorado.
Analysis
The UNK Alumni Association works to communicate
with and serve alumni of the institution. For this purpose,
the association maintains a large alumni address database
which was utilized for this study. The dataset is comprised
of a total of 32,717 records for alumni, with either complete
street addresses or nine-digit zip codes for the coterminous
48 U.S. states. Alumni addresses were geocoded using
ESRI’s ArcGIS 9.0™ software to derive nonprojected
earth coordinates of the current alumni residence as used
by the alumni association for mailing purposes. Geographic coordinates were created for all alumni using
a combination of street addresses and zip-code-plus-4
geocoding techniques. Counties serve as the basic enumeration unit for location quotient and cluster analysis,
while mean centers are performed on the individual
alumni points.
Geocoding is the first step in the process of studying
alumni distribution, as it ties spatial information to the
tabular alumni data using the associated mailing address.
Many addresses are comprised simply of rural routes and
descriptive locational information—all of which must be
removed from geocoding. Because of the wide range of
address information, geocoding is executed in several
passes. The initial geocode process matches alumni addresses to U.S. streets within a zone. The secondary
process matches all remaining addresses to nine-digit zip
codes for the purpose of locating the appropriate county
polygon. A final match rate of 87.5% was obtained at
a geographic resolution sufficient for the county-level
analysis. To investigate the changing center of alumni distribution, a geographic mean center is calculated for each
of the 17 alumni cohorts, along with an overall mean center for the entire population. A mean center is calculated
by averaging all X (longitude) and Y (latitude) coordinate
pairs to determine the geographic center of a distribution (Price 2005). Cohorts are analyzed individually and
cumulative data is not incorporated (i.e., the 1930–1934
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cohort is not included when calculating the mean center
for the 1935–1939 cohort).
Both location quotients and cluster analyses require
the calculation of weighted data values. Geocoded alumni are represented in the spatial database as individual
points and are summarized by county polygons. The
resultant weight for each county polygon is defined as
the number of UNK alumni contained in each. Cluster
analysis is calculated for each five-year cohort, as well
as the entire 75-year alumni dataset. Cluster analysis
is particularly effective when used for the purpose of
graphically representing the data in maps and visualizing the statistics. As computer developments increase
the functionality of GIScience, software improvements
especially for visualization and analysis follow (Unwin
and Unwin 1998). In this study, ArcMap’s Spatial Statistics Tools are employed. The Gi statistic, developed
by Getis and Ord, is proportional to the sum of the local
values surrounding, but not including, the target polygon (i) (Getis and Ord 1992). The Getis-Ord statistic
attempts to quantify location concentrations of similar
data (Wilhelm and Steck 1998), which are UNK alumni
in the case of our study.
Location quotients are calculated at two different geographic scales for each of the cohorts in addition to the
dataset as a whole. Location quotient enables comparison
of local area characteristics of a sample dataset to larger
trends found in the data and is appropriate for use in
comparing a subpopulation possessing a given unifying
characteristic within a larger population (Moineddin et
al. 2003). Location quotient is essentially a ratio of ratios
expressed as:

lqi =

=

The numerator is calculated as the ratio of the subset
value (xi) in a polygon (UNK alumni in each county) to
the total population (ni) of the given value (total college
alumni in each county). The denominator is calculated
again in the same manner, however, at a smaller scale,
with UNK alumni in each state (x) divided by total college alumni in the state (n). Total county population with
an earned baccalaureate degree is derived from 2002
Claritas™ sociodemographic data. A location quotient
over 1.0 means that UNK alumni are more concentrated
in the given polygon (county or state) than the larger study
area, while a location quotient lower than 1.0 indicates
that relatively few UNK alumni are present (Johnson et
al. 2000).
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Getis-Ord local statistics are used to study alumni in
combination with interactive graphics, rendered by ArcGIS. This technique adds plausibility to the statistical significance of local indicators, such as the Gi statistic, and
allows for the exploration of the multivariate structure of
spatial datasets (Wilhelm and Steck 1998).
Finally, both dispersion and clustering trends identified in the data are compared with several well-established
migration models, particularly the migration efficiency
studies of Plane (1984) and the works on U.S. population
migration change by Zelinsky (1962). Plane’s Q statistic
for migration efficiency is a ratio of a state’s emigration to
immigration (Plane 1984). The Q-statistic is expressed as:

Ej =
where migration efficiency (Ej) equals net out-migration
(Ni) divided by net in-migration (Ti) multiplied by 100 to
transform the statistic into a percentage.
RESULTS
The combination of cluster analysis and location quotients applied to the geocoded UNK alumni data yields
significant insights into their spatial arrangement both
in terms of the five-year cohorts as well as across the
entire 75-year study period (Fig. 1). While in many cases,
the data mirror larger nationwide trends of similar time
periods, in certain cases, several interesting and unique
patterns are present.
Mean Center
From 1930 to the present, the geographic center of
UNK alumni has moved toward the northeast. Starting
in southeastern Colorado with the 1930 cohort, the mean
center is now southeast of Kearney, NE (Fig. 2).
After 1965 the center of alumni population is clustered
around Kearney with little directional shift between cohorts. This is due to those alumni cohorts prior to 1965
being at retirement age, with more recent cohorts still in
the labor force. UNK was historically a state teachers’ college for Nebraska, and a large number of alumni remained
in the state working in high schools. Only later did these
alumni move on to more desirable retirement locales.
This is especially true for the 1930–1965 cohort—all
of which were graduates of Kearney State Teachers’ College. In comparison, the nationwide trend is quite different. The mean center of population in the United States
has moved from the northeast, starting in southeastern
© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln
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Figure 1. Distribution of UNK alumni, 1930–2004.

Figure 2. Location of UNK alumni mean centers.
© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln
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Figure 3. Getis-Ord hotspots, 1930.

Indiana in 1930 to the southwest in 2000 and is currently
located in southeastern Missouri (U.S. Census Bureau
2001), which is quite the opposite of the UNK alumni
population center trend over the same period (Fig. 1).
Getis-Ord Analysis
Several trends are revealed in the Getis-Ord local Gi
analysis. The 1930 alumni cohort exhibits a significant
clustering effect in two distinct regions, the first being
the Midwest (Colorado, Nebraska, and Kansas), and the
second the southwestern United States (Fig. 3). During
this time period—including cohorts up until 1960—four
of the most efficient migration streams as identified
by Plane’s Q-analysis connect Nebraska to California,
Washington, Oregon, and Idaho, with Nebraska being
the source of emigration (Plane 1984). Additionally,

Nebraska’s Q-statistic for migration efficiency along
these migration streams is 47.6%, the third most unidirectional migration stream behind only North and South
Dakota.
Comparing this to the Getis-Ord results indicates
significant clusters of UNK alumni in the same states
from the respective cohorts that mirror Plane’s (1984)
findings. This suggests that UNK alumni were among the
population participating in the “rural to urban” migration
trend prevalent at the time, with the Midwest and southwestern states being the primary destinations (Zelinsky
1962; Plane 1984). Additionally, there is a large clustering of low values in the Appalachia region of the United
States, signifying a significant absence of UNK alumni.
During the time period, states in this region were losing
population at rates approaching those seen in Nebraska
(Plane 1984). When examining the temporal change in
© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln
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Figure 4. Getis-Ord hotspots, 2000.

the alumni clustering phenomena (Fig. 4), the decreasing disparity of the regionalization effect noted among
the earliest cohorts is very evident. This follows closely
with the historical trends (Fig. 5). As is the case with
UNK alumni, the most marked period of interregional
deconcentration of the U.S. population was the 1970s,
during which migration efficiency, particularly from
the Midwest, dropped (Plane 1992). After the 1970s, the
prominence of the UNK alumni clustering identified by
the individual-cohort Gi tests diminishes significantly.
Location Quotients
At the state level, the location quotient analysis exhibits a distance decay effect radiating out from UNK and
becoming weaker as distance from Nebraska increases.
© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln

The five states contiguous to Nebraska (with the exception of Missouri in this study) comprise the market area
from which UNK recruits the majority of students. This
observation is based on the location quotient values for
UNK alumni greater than 1.0 (Fig. 6). While the statelevel location quotient map supports the observation that
UNK is a major supplier of alumni to the contiguous
states, analysis at the county-level reveals trends that
are masked by the state-level comparison. From the data
shown in Figure 6 it is evident that UNK alumni concentration in the region is strong.
A look at the county-level location quotient analysis,
which allows for a more accurate portrayal of alumni
within each county compared to the respective state
(rather than nation) as a whole, reveals different trends.
The area of UNK alumni dominance in Figure 7 is found
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Figure 5. Getis-Ord hotspots, 1930–2004.

along Interstate 80 in central Nebraska, while lower proportions (values less than 1.0) of UNK alumni are located
in the eastern corridor along Interstate 29 compared to
all college graduates in the state. Despite the perceived
visual concentration of UNK alumni in eastern Nebraska
as displayed in the dot distribution map and the high
location quotient values for the state compared to the nation, county-level location quotients indicate that these
concentrations are well below the state norm. Eastern
Nebraska is served heavily by the Lincoln and Omaha
campuses, as well as Creighton University and Metro
College in Omaha, and two other private colleges in Lincoln and Fremont.
The county location quotient analysis also reveals
similar strategic trends in surrounding states. One example is Colorado, where the concentration of alumni is

focused in the northeast corner of the state and east of the
front range of the Rocky Mountains. While the state-level
analysis would suggest that there is a statewide presence
of UNK graduates, the county-level map reveals that a
significant portion of the state is devoid of UNK alumni
when compared to graduates of other institution.
CONCLUSIONS
The movement of UNK alumni over the 75-year period
trends from southeast to northeast, with the initial 1930
centroid located in central Colorado and the most recent
southwest of Kearney. This trend is the inverse of the overall U.S. migration pattern since 1930. Currently, the mean
center of U.S. population lies in southeastern Missouri,
having moved over the period from southeastern Indiana
© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln
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Figure 6. State-level location quotient analysis of UNK alumni. (Proportion of UNK alumni to college
graduates in the nation by state.)

Figure 7. County-level location quotient analysis of UNK alumni. (Proportion of UNK alumni to college
graduates in the state by county.)

© 2010 Center for Great Plains Studies, University of Nebraska–Lincoln
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(U.S. Census 2001). Alumni are not strongly represented in
the eastern U.S. and coast, even among those of retirement
age, but that pattern has diminished over time. Higher proportions of retired alumni (1960-64 cohort and earlier) are
found in the southwestern states, including New Mexico,
Arizona, Nevada, and California, not having migrated to
traditional retirement spots like Florida proportionally to
their peers.
UNK alumni are found in greater proportions than
other college graduates in the Midwest, including Nebraska and all contiguous states, with the exception of Missouri, as shown by the state-level location quotient Map,
as well as by the Getis-Ord analysis. Location quotients at
the county level indicate that despite the perceived presence in eastern Nebraska, UNK alumni are found there
in smaller proportions than other college graduates, while
higher than normal concentrations exist in the central part
of the state. Alumni concentrations outside Nebraska are
found predominantly in northeastern Colorado, northern
Kansas, and western Iowa.
The combination of cluster analysis and location quotients, though largely unused by institutions (Teodorescu
2003), is insightful in analyzing the spatial patterns of
UNK alumni cohorts. Their propensity to miss trends in
the dataset depending upon the geographic scale to which
they are applied (Wilhelm and Steck 1998) and the manner
in which the software classifies the data points (Fotheringham et al. 2000) is evident.
While each location quotient serves to illustrate
different aspects of alumni distribution, experience at
interpreting their results is necessary for deriving meaning. Knowing the limitations of the location quotient
technique, applying the analyses at varying scales, and
proper interpretation of the results help to avoid masking
trends in data and reveal significant patterns important
to institutional advancement that might otherwise have
gone undetected. As previously discussed, the polygonal
unit of comparison was the primary reason that trends
were overlooked. However, when both analyses were
conducted at several scales (county and state level), not
only were they effective at revealing unique trends, but
they also reinforced the fact that using a combination of
spatial autocorrelation analyses was most effective.
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